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Data Challenges in Materials
2

Gathering Data Building Models

Uncertainty Quantification Computing Infrastructure

𝑓 𝑍𝐴, 𝑍𝐵

Balachandran et al. Sci Rprts. (2016)
hpc.lanl.gov

Materials Informatics: Extract Knowledge from Materials Data



Aging in U-Nb Alloys
3

U-Nb alloys become hard and brittle with aging

Our Goal: Be able to predict hardening



Building an Aging Model
4

Typical Aging Experiment:
1. Cast a single batch of alloy
2. Divide into smaller samples
3. Age them for different times, Temp.
4. Fit a property model
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A few aging studies are practical,
but there are many factors to consider…
• Alloy composition
• Grain size
• Statistical variation
• ... enough to become costly

Problem: Cannot run all the experiments
Potential Solution: The literature!



The Literature
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1946

1961

1982

2016

… and Dozens More

Our Approach: Use already-existing data!



Different Phase Trans. in U-Nb
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Temp.

Log aging time

minutes          days     months    decades

647oC

20oC

Problem: Different aging mechanisms, require different models

Another Need: Images of aged microstructure

General
Precipitation

Lameller
Decomposition

Fine-scale
Segregation



The Challenge
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Input:
Papers Output:

Aging 
Model

How do 
we store 
the data?

What is the 
µ-structure?

Which data 
is relevant?



Storing Materials Data8

How do 
we store 
the data?



Example Data Source
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Main Variables:
✓ Aging Time
✓ Aging Temp.
✓ Composition

Other Considerations:
• Who did this?
• Processing history
• Banding
• …?

Two problems:
• How to organize this information?
• How to store it?



Organizing Data: What is a Schema?
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Definition of Data Format / Structure
Why is this important?

• Simplify data processing software

• Ensure all relevant data is captured

What kinds of questions does a schema answer? 
• What is the relevant data?

“Hardness measurements have a scale and value”

• How are they related to each other?
“Solutionizing is a processing step”

• What are the format requirements?
“Temperature must be a real number”



What does a “XML Schema” look like?
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Hardness 
Measurement

Import from other schemas

Enforce data types
Make fields optional



Our Data Schema: Nice & Simple
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No “reinventing wheel”

Stores whole 
fabrication process

Can fit micrographs, 
XRD patterns, and
hardness

Bottom Line: Schemas Are Not The Hardest Step

 Last Slide with XML 



Storing Data: MDCS
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Materials Database: Materials Data Curation System
https://github.com/usnistgov/MDCS

Advantages:
✓ Already built / under active development

✓ Browser-based inputting, editing, viewing data

✓ REST interface for integrating with other tools

To-Do List:
✓ Designing schema

⨯ Efficiently importing data

https://github.com/usnistgov/MDCS


Problem w/ MDCS: Slow Data Entry
14

This is great for a few data points, but…
data import via form is slow

MDCS Automatically Generates 
Data Entry Forms



Getting Literature Data into MDCS

Logos from Wikimedia Commons, github.com/usnistgov/MDCS

15

Excel Python XML
MDCS 

API

Goals:
• Provide a simple import method

No writing XML by hand! 

• Hide the MDCS API in a black box

Solution: Excel + Python → XML → MDCS



Staging Data in Excel Document
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Contains fields for 
hardness values 
and metadata

Fields for metadata 
describing sample

Separate tab for 
citation and process 
information

Why Excel!?
• Familiar tool
• Easy editing of entire sheets
• Can be read by Python

Loading into MDCS:
python data_importer.py data.xlsx



Final Result: MDCS Records
17

Paper to Database: 10-30 min per figure (or table)

Once Data Is in Database, 
We Can Start Building Automation Tools



Analyzing Image Data18

What is the 
µ-structure?



Ref: R. Jackson. RFP-1609.

Process for Making TTT Diagram

Procedure:

1. Age alloys at many 
times and temps

2. Evaluate fraction of 
transformed phase

3. Draw dividing boundaries

19

Goal: Create software to 
automate/assist this process Ref: R. Jackson. RFP-1609.



Bottleneck #1: Image Analysis
20



Fitting a TTP Boundary
21

Current State: Many images, and fraction transformed

What We Need: 𝑓 𝑇, 𝑡, 𝑥𝑁𝑏

Problem: Conventionally, all experiments have same 𝑥𝑁𝑏

Solution: Combing Kirkaldy and JMAEK Models

Kirkaldy: 𝑡𝑓=𝛽% ∝
Δ𝑇−3

2  𝑁 8 𝑒
𝑄

𝑘𝑇𝛼𝑥𝑁𝑏

JMAEK: 𝑓(𝑡) = 1 − 𝑒−𝑘𝑡
𝑛

Result: 𝑓 𝑇, 𝑡, 𝑥𝑁𝑏 = 1 − 𝑒−𝑘𝑡
′𝑛

where: 𝑡′ =
𝑥𝑁𝑏,𝑟𝑒𝑓

𝑥𝑁𝑏

Δ𝑇

Δ𝑇𝑟𝑒𝑓

3

exp
𝑄

𝑘

1

𝑇𝑟𝑒𝑓
−

1

𝑇
𝑡

We can fit a TTT curve with all our data!

Ref: R. Jackson. RFP-1609.



Fitting a TTP Curve: Comparable Results!
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Ref: R. Jackson. RFP-1609.

Good Agreement with Historical Results



How Does it Compare to Our Data?
23

5% transformed

95% transformed



Image Analysis Workflow
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Summary So Far: Simple Procedure 
from Images to TTT Curve



Curating Hardness Records25

Which data 
is relevant?



Hardness Data: Two Key Decisions
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Before 
Peak Age?

Which 
Transformation?

𝑓1 𝑡, 𝑇

𝑓2 𝑡, 𝑇

𝑓3 𝑡, 𝑇

O
U

TP
U

T
IN

P
U

T

Focus on two decisions

Different Transformation
→ Different Physics
→ Different Model

How can we automate, or 
simplify this process?



Q1: Before Peak Age? - Automation
27

Step #2:
SVC Model

Step #1:
Automation

?Before

After Before or after peak time?

Source: WikipediaMake the “easy” decisions automatically

H

t

Temp.!



Q1: Before Peak Age? - Interactive Viz
28

Easier (Faster) Way to Make & Store Decisions

Before Peak

After Peak

Unassigned



Q2: Which transformation?
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Automatically Linked to Image Analysis:

Use TTT Model from Earlier



Microstructure-Informed Model
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Now we can curate by “before peak” and “transformation type”

Model fails for mixed transformations 

Fair fit for the general precipitation reaction



Tracking the Entire Process31



General Problem with Property Models
32

Extract Transform Analyze Visualize

To
o

ls
G

o
al

(s
) Get raw data out

of repositories

Process data using 
domain knowledge

Extract knowledge
from data

Make results easy 
to understand

Feedback

Building models often has many steps, and linking different tools

Problems:
• Updating model with new data
• Keeping track of decisions

Solution: Pinyon



Pinyon: Toolkit for Managing Model Creation

Goal: Collect all steps in 
model-building process

• Individual calculations
• How they link together
• “Post-It Notes”, 

Documentation

Approach: Database with 
web interface

• Records all in one place
• Updated automatically
• Can be annotated

33

Guiding Principle: Store enough information to recreate a model

Pinyon Jay: NM bird
known for remembering 
food stashes



Tracking Individual Decisions
34



Jupyter: Docs & Code in One File!
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Jupyter: Ensure Whoever Inherits this Code 
Knows What It Does (and why!)



Hardness Analysis Workflow
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Procedures, Documentation, Notes, 
and Decisions All Linked Together!



Workflow for Aging Models
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Input:
Papers Output:

Aging 
Model



Conclusions
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Interconnected Workflow for Aging Models

✓ Storing Materials Data: MDCS

✓ Hardness Curation: Semiautomated Decision Making

✓Microstructure Data: Web-Based Analysis Tools

Pinyon: Better reproducibility through integration

Future Vision:

• Improving the microstructure-aware aging models

• Adapting these tools to other property models
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